Background Lateral compression (LC)-type pelvic fractures encompass a wide spectrum of injuries. Current classification systems are poorly suited to help guide treatment and do not adequately describe the wide range of injuries seen in clinical practice. Questions/purposes We therefore (1) defined the spectrum of injuries that compose LC fractures with respect to both anterior and posterior ring injuries, with particular focus on the morphology of sacral fractures, and (2) identified fracture patterns associated with displacement at presentation.
Introduction
Lateral compression (LC)-type pelvic fractures are the most common type of pelvic fracture, accounting for 57% of the injuries reported by Young et al. [13, 14] . Despite their relatively common occurrence, our understanding of LC fracture patterns and their treatment are still evolving.
Treatment of LC pelvic fractures depends on fracture stability. Stable fractures should withstand normal physiologic loading without substantial displacement over time, while unstable fractures will tend to displace [6, 9] . Fractures thought to be stable are generally treated nonoperatively while fractures thought to be unstable or initially displaced are usually reduced and surgically stabilized [2, 6, 8, 9] . Current classification systems provide little information regarding the stability of a substantial number of these injuries, particularly those that involve a sacral fracture.
Young and Burgess [13] grouped LC injuries into three types. The LC1 group includes any fracture of the sacrum, the LC2 group includes only crescent fractures, and the LC3 group includes only a very specific pattern in which the pelvis compresses on one side and opens on the other (a so-called ''windswept pelvis'' [2] ). Crescent fractures are defined as a vertical posterior iliac wing fracture leaving the posterior superior iliac spine and posterior sacroiliac ligaments attached to the sacrum, resulting in a rotationally unstable hemipelvis [12] . The wide variety of sacral fractures, either displaced or nondisplaced, seen in clinical practice makes this classification poorly suited to help understand stability.
The AO classification of pelvic fractures is primarily based on stability [11] . Type A fractures do not affect the pelvic ring and are considered stable. Type B fractures are considered partially unstable and include fractures with no more than a partially disrupted posterior arch. The Type C fractures include fractures where the posterior arch has been completely disrupted.
It is generally accepted that unstable fractures require stabilization to prevent displacement [12] . The decision as to whether to surgically manage many LC-type fractures is difficult in practice. Both commonly used classification systems do not provide surgeons with enough information to determine treatment. Buckle fractures [14] and many complete but nondisplaced fractures of the sacrum are considered stable and most surgeons believe they do not require fixation [10] . However, according to the AO classification, these factures would have to be classified as partially unstable. If the fracture completely transverses the sacrum but is not displaced, is it a stable, partially unstable, or completely unstable fracture? Moreover, to classify the fracture according to the AO classification, it is necessary to identify stability, but currently there is little information that tells us how various fracture patterns affect stability.
CT has given us a better understanding of variety of LC injuries, particularly injuries of the sacrum, which are poorly visualized on plain films [3] . The sacral injuries associated with LC injuries are varied and range from incomplete buckle fractures to complete, comminuted fractures [5] . These fractures are currently poorly described in current classification schemes. As our understanding of LC fractures has evolved, it has become clear the anterior injury pattern, posterior injury pattern, and initial displacement are important variables in predicting fracture stability [1, 10, 12] . A more thorough understanding of displacement of both the anterior and posterior ring will hopefully identify fracture patterns that could be at higher risk for displacement or who may be candidates of examination under anesthesia (EUA).
We therefore addressed the following questions: (1) What is the anatomic spectrum of injuries seen with LC-type pelvic fractures? (2) How often are LC-type pelvic fractures displaced, and are specific injury patterns more likely to be displaced? And (3) is there a correlation between the severity of the anterior ring injury (bilateral versus unilateral pubic rami fractures) and the posterior ring injury?
Patients and Methods
We retrospectively reviewed all patients treated with a pelvic fracture at two Level 1 trauma centers from January 1, 2003, through December 31, 2009. Patients were identified through query of our prospectively collected trauma database. Patients were included in the study if they were at least 18 years old at the time of their injury and had at least an AP pelvic film and a CT scan of their injury. Of the 348 patients with confirmed LC pelvic fractures treated during this period, 318 had radiographs of adequate quality in terms of penetration and rotation to allow for classification and measurement of displacement and were included in this study. Of the patients included in the study, 195 were women and 123 were men. Median age was 55 years (range, 18-96 years). The mechanism of injury was a fall in 45% of the patients, a multivehicle crash in 39%, and different factors in 16% (Table 1) . No patients were recalled specifically for this study; all data were obtained from medical records and radiographs. Approval was obtained from the institutional research board before completing this study.
A trauma fellowship-trained surgeon (MJW) evaluated all films. The AP radiograph was used to confirm the diagnosis of an LC-type injury. The plain films and CT scan were used to classify fractures according to the Young and Burgess system [13] . The kappa value for interobserver variability in diagnosing fracture patterns according to this system based on plain radiography has been reported as 0.72 [4] . CT was used to define the posterior injury. We defined posterior injuries as having no fracture, an incomplete anterior sacral fracture, a complete but simple sacral fracture, a complete, comminuted sacral fracture, or a crescent fracture (Fig. 1) . We defined anterior injuries as having ipsilateral pubic rami fractures, contralateral pubic rami fractures, bilateral pubic rami fractures, or some other injury. A single surgeon (WB) measured the injury radiographs for displacement (Fig. 2 ). There is no clear consensus on the definition of displacement in LC pelvic fractures. We used criteria similar to those used by Bruce et al. [1] . Pubic rami fractures were considered displaced if the superior ramus fracture was displaced by 100% or more. On the AP and inlet views, the position of the femoral head was assessed with respect to the midline in comparison to the contralateral femoral head. A fracture was considered displaced if the femoral head was medially translated 10 mm or more with respect to the contralateral side. On the AP and outlet views, the difference in height between the iliac spines, the femoral heads, and the ischial tuberosities was measured using lines perpendicular to the midline. The mean height was calculated and the fracture was considered displaced vertically if there was a difference of 10 mm or more with respect to the contralateral side. The anterior pelvic ring was considered to be displaced if the rami were displaced 100% or if the femoral head was migrated medially or vertically 10 mm or more on the AP, inlet, or outlet view. CT scans were used to assess displacement of the posterior elements. Posterior injuries were considered displaced if either the sacral injury or the iliac crescent fracture was translated or gapped 5 mm or more.
We gathered and stored data on Excel 1 (Microsoft Corp, Redmond, WA, USA). Analysis was performed with SPSS 1 (SPSS Inc, Chicago, IL, USA). To evaluate the correlation between posterior and anterior injury patterns, patients were grouped by posterior pattern. The proportion of patients with bilateral rami fractures was then compared between groups using the chi-square test. To assess patterns of displacement, we grouped patients into those who had posterior displacement and those who did not. The rate of anterior displacement between groups was compared with the chi-square test. To correlate specific fracture patterns with displacement, fractures were considered displaced if they had either anterior or posterior displacement or both. The rate of displacement was compared between patient groups for both anterior and posterior injuries.
Results
Fractures classified as Young-Burgess LC1 patterns were most common, representing 87% of fractures. The sacral injuries in this group ranged from nondisplaced incomplete anterior buckle fractures to highly comminuted and displaced complete fractures (Table 2) . Similarly, there was a wide range of anterior injuries. While most anterior ring fractures occurred ipsilateral to the posterior injury (67%), others occurred on the contralateral side (12%) or were bilateral (16%). Patients with complete comminuted sacral injuries were more likely to have bilateral rami fractures compared to those patients with incomplete (p = 0.001) or simple (p = 0.008) fracture patterns (Fig. 3) .
Fractures that demonstrated anterior displacement were three times more likely (p \ 0.001) to have posterior displacement than injuries without anterior displacement (34% versus 11%). One hundred six patients (33%) had either anterior or posterior displacement of their pelvic fracture at presentation. Eighty (25%) had displacement of the anterior pelvic ring while 54 (17%) had displacement of the posterior injury ( Table 3) .
The degree of displacement correlated with the posterior injury (Fig. 4) . Patients with complete comminuted sacral injuries were more likely to be displaced compared to those patients with incomplete (p \ 0.001) or simple (p \ 0.001) sacral fractures or crescent fractures (p = 0.01). Crescent fractures were associated with a higher rate of initial displacement when compared to incomplete anterior sacral fractures (p = 0.007) but not complete simple sacral fractures (p = 0.37). Further, displacement correlated with the anterior pelvic ring injury. Patients with bilateral rami fractures were more likely (p = 0.01) to be displaced, regardless of posterior injury, than patients with ipsilateral rami fractures (29% versus 48%). Discussion LC-type pelvic fractures encompass a wide spectrum of injuries. Current classification systems are poorly suited to help guide treatment. The Young and Burgess system is based on a combination of mechanism of injury and anatomic fracture characteristics [14] . All injuries that involve a sacral fracture are grouped together into the LC1 pattern. Clinically, this group of fractures is heterogeneous, with some injuries clearly representing stable injuries that will heal with no intervention and others that are displaced, unstable fractures that are typically treated with reduction and fixation [1, 12] . The AO classification is based primarily on stability [11] and is difficult to apply to this category of injuries. Our purposes were to (1) better define the spectrum of injuries that compose LC fractures with respect to both the anterior and posterior ring injuries, with particular focus of the morphology of sacral fractures, and (2) identify fracture patterns associated with displacement at presentation.
Our study is associated with certain limitations. First, it is a retrospective review describing the anatomic patterns of fractures and the incidence of displacement. Patients were not followed and we do not present information on treatment or eventual outcome. The strength of this study lies in describing the patterns of injury seen in a large cohort of patients with LC-type pelvic fractures and the incidence of initial displacement. Second, to our knowledge, there is no standardized definition of displacement. While the interobserver reliability of classifying fractures as LC is good [4] , there are no published data on the interobserver reliability of detecting displacement of LC fracture. We used criteria similar to those of a recent study evaluating risk factors for late displacement of LC1 fractures [1] . These criteria (either vertical or horizontal displacement of the femoral head by 1 cm, 100% translation of a rami fracture or posterior displacement of 5 mm) seem to correlate with clinical experience and are easy to quantify. The morphology of the fractures seen in our series is varied. The majority of injuries (87%) had a sacral fracture and fit within the category of LC1 injuries as defined by Young and Burgess [2, 13] . Anterior injury patterns included ipsilateral, contralateral, and bilateral rami fractures. Posterior ring injuries included anterior incomplete sacral fractures, complete simple sacral fractures, complete comminuted sacral fractures, and crescent fractures. This range of injuries is similar to previously published series and highlights the variation seen in LC injuries (Table 4) .
Fifty patients (16%) in our series had bilateral rami fractures. This anterior ring pattern was more prevalent in patients with comminuted sacral fractures (33%) compared to those with an incomplete sacral fracture (3%) or a complete simple sacral fracture (11%). Bruce et al. [1] recently published a study that correlated bilateral pubic rami fractures and complete sacral fractures with late displacement in a series of nonoperatively managed minimally displaced LC fractures. In our series, bilateral rami fractures were associated with a higher incidence of initial displacement. Given bilateral rami fractures are linked to both initial displacement and displacement at healing, this particular fracture pattern is likely a marker of a higher-energy injury and instability.
In our cohort of 318 patients, 106 (33%) presented with either anterior or posterior displacement. Characteristics associated with initial displacement included the presence of bilateral pubic rami fractures, complete comminuted fractures of the sacrum, and crescent fractures. We suspect fracture patterns associated with a higher rate of initial displacement are higher-energy injuries and may be prone to late displacement even if they are only minimally displaced at presentation. Sagi et al. [7] recently reported on a series of patients with initially minimally displaced pelvic fractures who underwent EUA. Of 20 patients initially classified as LC1 injuries based on plain film and CT, seven were unstable when examined under fluoroscopy and had internal fixation. Specifics of the sacral fractures of these patients were not reported. As our understanding of LC injuries has evolved, it is now our practice to examine patients with bilateral rami fractures or complete sacral fractures under anesthesia for consideration of fixation or to follow them more closely to look for signs of late displacement.
Crescent fractures represent a group of fractures thought to be unstable [10, 12] . In our series, 43% of crescent fractures were displaced at presentation. Many of the nondisplaced injuries likely represent stable injuries that will not go on to secondary displacement. It is our practice to reduce and fix displaced crescent fractures. However, many nondisplaced fractures can be managed with either a EUA or close observation.
To be useful, a fracture classification needs to provide prognostic information to help guide treatment. The LC injuries as described by Young and Burgess are too broadly grouped to provide useful information for the treating surgeon. Further study is required to define fracture groups that better correlate with fracture stability and hence the need for surgical reduction and fixation or potentially examination under anesthesia. It appears many fracture characteristics are associated with instability, including bilateral rami fractures, complete comminuted sacral fractures, and crescent fractures. This initial evaluation of the spectrum of LC injuries will provide background for developing a system for predicting pelvic instability. Fig. 3 A graph shows the distribution of anterior pelvic ring injury based on posterior injury pattern. In cases of no posterior injury, the anterior injury was considered to be ipsilateral. There were no instances of bilateral rami fractures in the setting of no identified sacral fracture. 
